The g factor of the 2 + 1 state in radioactive 44 Ti has been measured for the first time with the technique of α transfer to 40 Ca beams in inverse kinematics in combination with transient magnetic fields, yielding the value, g(2 + 1 ) = +0.52(15). In addition, the lifetimes of the 2 + 1 , τ = 3.97(28) ps, and the 4 + 1 states, τ = 0.65(6) ps, were redetermined with higher precision using the Doppler shift attenuation method. The deduced B(E2)'s and the g factor were well explained by a full fp shell model calculation using the FPD6 effective NN interaction. The g factor can also be accounted for by a simple rotational model (g = Z/A). However, if one also considers the B(E2)'s and the E(4 + 1 )/E(2 + 1 ) ratios, then an imperfect vibrator picture gives better agreement with the data.
First measurement and shell model interpretation of the g factor of the 2 
Introduction
The particular interest in N = Z nuclei lies in the feature that both protons and neutrons occupy the same orbitals; hence isospin symmetry as well as neutron-proton pair correlations are the dominant features of the nuclear structure [1, 2] . 44 Ti with N = Z = 22 is such a nucleus, with two valence protons and two valence neutrons in the 1f 7 , we are picking out the isoscalar values. Up to now one could obtain a handle on, say, isoscalar g factors only by studying the ground state magnetic moments of odd − A mirror nuclei. It was found in such studies [3] that the deviation from the Schmidt value is much smaller for isoscalar moments than for isovector moments. It is a well-known fact that magnetic moments and lifetimes of nuclear states are sensitive to the detailed composition of the nuclear wave functions. Since the spin g factors of protons and neutrons are different in sign and magnitude (g p s = +5.586, g n s = −3.826), such measurements enable one to determine the relative proton or neutron contributions in the nuclear state in question. This unique feature of magnetic moments and lifetimes has been used in many nuclei for testing nuclear model predictions [4] , and it was shown that experimental g factor data need in general to be of few-percent precision to distinguish between the predictions of different models. For measuring magnetic moments of levels with ps lifetimes, where magnetic fields of kilo Tesla strengths are required, transient magnetic fields (TF) constitute at present the sole available experimental technique. As the field strength increases with ion velocity, the nuclear states to be studied should be populated in reactions for which the resulting nuclei emerge with high kinetic energies [4] . This condition is well satisfied by the technique of projectile Coulomb excitation in inverse kinematics: the nuclei of interest are fast projectiles (generally provided by an accelerator) which collide with light target nuclei, resulting in strong kinematic focussing and high ion velocities in the forward direction. As a consequence, highly efficient detection of target nuclei and coincident de-excitation γ rays of the projectiles is achieved. In particular, this technique was applied in recent measurements of g factors of the 2 + 1 and 4
states for the stable titanium nuclei 46, 48, 50 Ti, utilizing these isotopes as beams and carbon as a target [5] [6] [7] . The g factor trends observed were rather well explained within the framework of large-scale shell model calculations using an fp shell model space and a modified Kuo-Brown effective interaction. Inadequacies in the numerical agreement between the calculated and experimental results have been attributed to possible 40 Ca core excitations which were excluded for computational reasons.
In the present case of 44 Ti, projectile excitation would require a radioactive beam, a general approach which is presently being pursued in several laboratories. Due to the unavailability of such a beam an alternative technique was applied, which incorporates the merits of the inverse kinematics, as mentioned above, but is based on a particle-transfer reaction to stable beam nuclei. In several former measurements with projectile Coulomb excitation using carbon targets, α transfer was found to be a particularly strong reaction channel and has therefore been applied to g factor experiments. In this way g(2 + 1 ) values were measured for radioactive 62 Zn obtained in α transfer to a 58 Ni beam [8] and also for 54 Cr using a 50 Ti beam [9] . In both cases, the 2 + 1 states were predominantly populated. This state selectivity is characteristic for the transfer mechanism and is distinctly different from that of a fusion/evaporation reaction in which high energy states are populated, feeding the low-lying states via cascade transitions. The reduced feeding in the case of α transfer ensures a clean measurement of the precession, as it is almost exclusively associated with that of the 2 + 1 state itself.
Experimental details
In the current experiment, a beam of isotopically pure 40 Ca was accelerated to an energy of 95 MeV at the Cologne tandem accelerator provid- ing intensities of (2-3) pnA on a multilayered target. The target consisted of 0.45 mg/cm 2 nat C, deposited on 3.82 mg/cm 2 Gd, which was evaporated on a 1.0 mg/cm 2 Ta foil, backed by a 3.48 mg/cm 2 Cu layer. For the Gd evaporation, the tantalum substrate was kept at a temperature of 800 K to ensure good magnetic properties of gadolinium [11] . Besides Coulomb excitation of the 40 Ca projectiles in collisions with carbon nuclei, essentially to the first 3 − state at 3.736 MeV, strong α transfer occurred in the 12 Fig. 3 ). The relevant level scheme of 44 Ti is shown in Fig. 1 . The residual nuclei 40 Ca and 44 Ti from Coulomb excitation and α transfer, respectively, both move through the Gd layer at high velocities in the direction of the primary 40 Ca beam for spin precessions. These nuclei came to rest in the hyperfine interaction-free environment of the copper backing.
The de-excitation γ rays were measured in coincidence with forward scattered ions, either carbon ions or 2α particles from the decay of 8 Be. Both types of ions pass through the target layers and an additional Ta foil and are detected in a 100 µm Si counter placed at 0 • relative to the beam axis. The Ta foil between target and particle detector served as beam stopper. The Si detector, subtending an angle of ±30 • , was operated with a low bias of 3-5 V (instead of the nominal 40 V). This enabled a better separation of the 2α particles associated with 44 Ti (and other light charged particles such as protons) from the heavier carbon ions due to their different stopping behaviour in a thus reduced depletion layer of the Si detector. This separation procedure was already successfully applied in several earlier measurements (see, e.g., [6] and Fig. 2) .
Four 12.7 cm × 12.7 cm NaI(Tl) scintillators and a Ge detector with a relative efficiency of 40% were used for γ detection. Coincident particle and γ spectra are shown in Figs. 2 and 3 . The Ge detector placed at 0 • , served as a monitor for contaminant lines in the energy region of interest and to measure nuclear lifetimes via the Doppler Shift Attenuation Method (DSAM).
Detailed (2α-γ )-angular correlations W (Θ γ ) have been measured for determining the slope S = [1/ W (Θ γ ) dW (Θ γ )/dΘ γ ] in the rest frame of the γ -emitting nuclei at angles Θ γ = 65 • where the experimental sensitivity to the spin precessions is optimal. Precession angles, Φ exp , were determined in the normal way via counting rate ratios R for 'up' and Fig. 3 . γ -coincidence spectrum observed with the 0 • Ge detector with the particle gate on 44 Ti events (see Fig. 2 ).
'down' directions of the external field with detector pairs placed symmetrically to the beam direction. The precession angles were derived [4] as:
(1)
where g is the g factor of the 2 + 2 states were redetermined from measured lineshapes of the three γ lines using the DSAM technique with the 0 • Ge detector. The high ion velocities result in high sensitivity for the lifetimes in the ps range. The Doppler-broadenend lineshapes were fitted for the reaction kinematics applying stopping powers [12] to Monte Carlo simulations including the second order Doppler effect as well as the finite size and energy resolution of the Ge detector. Feeding from higher states was also taken into account. The computer code LINESHAPE [13] was used in the analysis. 
Results and discussion
The g factor of the 2 + 1 state was derived from the experimental precession angle Φ exp by determining the effective TF on the basis of the linear parametrization [4] :
where the strength parameter a(Gd) = 17(1) Tesla, v 0 = e 2 /h, and G beam = 0.90 (5) is the attenuation factor of the TF strength induced by the calcium beam used [4] . The precession and lifetime data with the deduced g factor for 44 Ti are summarized in Table 1 states have been interpreted within the framework of the nuclear shell model. The calculations were carried out using the shell model code OXBASH [14] and both the KB3 [15] and the FPD6 [16] effective NN-interactions. In these calculations 44 Ti is considered to consist of an inert 40 Ca core with four valence nucleons, two protons and two neutrons. The results are compared with the experimental data in Table 2 . We also calculated a value for the unmeasured quadrupole moment of the 2 + 1 state, that can be compared to corresponding measured values for neighbouring nuclei ranging from −0.14(7) eb for 44 Ca to −0.21(6) eb for 46 Ti [17] .
The simplest approach is an (f 7/2 ) 4 configuration which, however, is obviously inadequate as evident from the table. With that configuration both interactions usually underestimate the B(E2)'s by more than a factor of two (suggesting that not enough collectivity is provided), and predict a positive quadrupole moment Q(2 + 1 ). The only quantity that is rather well reproduced, for reasons to be explained later, is the g(2 + 1 ), where both interactions yield an identical value of g(2
The situation is greatly improved by full fp shell calculations, in which the four valence nucleons can occupy the 1f 7/2 , 2p 3/2 , 1f 5/2 and 2p 1/2 orbitals. As shown in Table 2 , the calculations with the FPD6 interaction account very well for the experimental data without requiring any admixture, into the 2 
(E2).
It is worthwhile attempting to understand why the simple (f 7/2 ) 4 configuration accounts as well for the g(2 + 1 ) as the full fp shell calculations. To this end, the individual components of the 2 + 1 wave function obtained in the full fp calculations have been examined. In the FPD6 calculation the major component intensities are (f 7/2 ) 4 (26%), (f 7/2 ) 3 (p 3/2 ) 1 (24%) and (f 7/2 ) 2 (p 3/2 ) 2 (10%); in the KB3 calculations the same components have intensities of 54%, 15% and 7%, respectively. Evidently the p 3/2 orbital plays a more important role here than do the f 5/2 and the p 1/2 orbitals, a feature which was also found for 44 Ca [18, 19] . One then finds that the other two main configurations in the 2 independent of the details of the wave function.
It is interesting to note that simple collective model formulae also explain well some of the properties of the 2 (Table 2) . Moreover, from the B(E2) value a deformation β = 0.28 can be deduced that is consistent with the values of 0.25 for 44 Ca and 0.32 for 42 Ti and 46 Ti [22] .
The observed value of the ratio B(E2; 2 In summary, we note that the g(2 + 1 ) measurement is accounted for by all four shell model calculations in Table 2 and the Z/A collective value. However, only the FPD6 full fp shell calculations fully account for our newly measured, more precise, B(E2; 0 
